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Mars 2020 Mission Overview

ASPIRE

R

LAUNCH CRUISE/APPROACH ENTRY, DESCENT & LANDING SURFACE MISSION

AAtlas V 541 Class Rocket A~7 month cruise AMSL EDL System: guided entry, APrime mission of 1.5 Mars years
APeriod: Jul-Aug 2020 AArrive Feb 2021 supersonically-deployed parachute, A20 km traverse distance capability

powered descent, and sky crane

AAugmented by range trigger: 16 x 14
km landing ellipse

AAugmented by TRN: enables safe
landing at a greater number of
scientifically valuable sites

AAccess to landing sites +30° latitude,
O- 0.5 km elevation

ASeeking signs of past life
AReturnable cache of samples
APrepare for human exploration of Mars



EDL Concept of Operations

ASPIRE
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Motivation

Disksail Parachute

Ringsail Parachute

ASPIRE

LDSD SFDT-1 2014-06-28

IRIG Time 21:07:46.806995
Time from Drop  166.637 s

Mach No. 2.60

Dynamic Pressure 509 Pa
Total AoA 9.6 deg
SSRS Axial Load 651 Ibf

22456 2014-06-28 21-07-46.806995

LDSD SFDT-2 2015-06-08
IRIG Time 21:37:31.03Q61
Time from Drop  150.584 s

Mach No. 2.43 3

Dynamic Pressure 560 Pa
Total AoA 8.9 deg
SSRS Axial Load 424 Ibf




Motivation

ASPIRE

A Like 2012& Mars Science Laboratory (MSL), Mars 2020 will use a Disk-Gap-
Band (DGB) parachute:
A Nominal diameter: 21.5 m
A Targeted deployment Mach: 1.75

A Low-Density Supersonic Decelerators
(LDSD) program revealed
shortcomings in our understanding of
supersonic inflations

A Two parachute failures at loads
significantly lower than those survived
in subsonic testing:

A Mach ~2.5
A Larger (30.5m) canopies of
different design

A Key risk reduction activities:

A Developed strengthened
parachute
A Supersonic test campaign




The ASPIRE Project

ASPIRE

A Advanced Supersonic Parachute Inflation Research Experiments Project
Objectives:
I Develop testing capability for supersonic parachutes at Mars-relevant conditions.

I Deliver 21.5m parachutes to low-density, supersonic conditions on a sounding rocket
test platform

I Acquire data sufficient to characterize flight environment, loads, and performance

A Test two candidate designs for Mars 2020:
I Built-to-print Mars Science Laboratory (MSL) Disk-Gap-Band (DGB)
I Strengthened version of MSL DGB (identical geometry, stronger materials)

A Certify a 21.5 m parachute for use on Mars 2020

| Parachute | _Target Load Test Date

MSL built-to- 35 kibf Test architecture shakeout.

thA i
SRO1 orint (MSL @ Mars) Ensuret est approach do@cs 4020171 nt
new parameters.
SR02  Strengthened 47 Klbf Incremental strength test of new design.  Mar. 31th, 2018

SR03  Strengthened 70 klbf Strength test of new design Sep. 71, 2018



Test Articles

ASPIRE

Two candidate designs for Mars 2020:
A A build-to-print 21.5-m MSL DGB
A Strengthened version of MSL DGB (identical geometry, stronger materials)

MSL Built-to-Print M2020 Strengthened

4000 Ib Kevlar Web 6000 Ib Kevlar Web

s

1.3 oz/yd? Polyester — i

(60 pli) s
= 1.9 oz/yd? Nylon
1140 (110 pli, 90 cfm)
1.1 oz/yd? Nylon
(42 pli, 100 cfm)

2400 Ib Kevlar Web
2500 Ib Kevlar Web

2100 Ib Technora cord \ / 3200 Ib Technora cord

Mass: 58 kg Mass: 88 kg
Nominal diameter: 21.31 m Nominal diameter: 21.45 m
Geometric porosity: 12.8% Geometric porosity: 12.8%

Tanner, Clark, & Chen, IEEE Aerospace 2018: fOverview of the Mars 2020 Risk Reduction Activityo 7



Test Architecture

)

ASPIRE
I i
A Rail-launched Terrier Black Brant Ballast
) - (jettisoned bef
A Spin-stabilized at 4 Hz “splashdown)
| Payload A Yo-yo de-spin after 2nd stage -
Shabl burnout
A Cold gas ACS active from payload Buoyancy Aid
q -~ separation to before mortar fire (foam) &
g Aft transition & ] ] electronics
| <} separaton A Mortar fire triggered by onboard i
77 araware flight computer based on g
A Recovery aidS: Telemetry (sealed)
£ I Foam provides buoyancy =
— 2" Stage Black i Nosecone ballast (for additional |
Brant . .- . Attitude Control
(5.89 m) mass & aerodynamic stability) is System & flight
jettisoned before splashdown computer
N A Payload mass:
?E I Launch: 1268 kg
o I Post-separation: 1157 kg Experiment
& 1% Stage Terrier I Splashdown: 495 kg
= (4.3 m)
v __ -




Instrumentation

ASPIRE
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C- band
transponder Wraparound GPS GLN-MAC Instrumentatlon ring
station antenna location

3x load pins at triple-

. . bridle attachments
Onboard Instrumentation Rate Resolution = —

GLN-MAC (IMU & flight computer) 400 Hz -

GPS

C-band transponder (radar tracking) 50 Hz -

20 Hz -

Parachute Triple-Bridle Load Pins 1 kHz 1100 Ibf

High Speed Cameras (x3) 1000 fps  3840x2400 3x Situational video
_— _ 3x HS/HR cameras cameras

Situational Video (x3) 120 fps 1920x1080

for stereo imaging

A Meteorological instrumentation:

6x meteorological balloons carrying Radiosondes: temperature, density, winds to 37 km
GEOS Analysis: temperature, density, winds above 37 km

A Allow reconstruction of:

Parachute loads
Conditions at parachute deploy (Mach, dynamic pressure, angle of attack)
Parachute shape & position



Targeting & Triggering

ASPIRE

A ASPI RE6s objective to test paracht
target dynamic pressure accurately (within 5%)

A Triggered parachute parachute mortar fire based on onboard estimate of

dynamic pressure:

1 B} }
Qest — Qp(alt)“/;).fr’el — Vwind(alt)‘Z

I r = atmospheric density @ navigated altitude
I V.= planet-relative navigated velocity
I V,ing = Wind velocity @ navigated altitude

A To meet accuracy requirement, flight computer carried a model for the
atmospheric density & winds:
i Custom product for | aunch sStte delivered
I Forecast 48 hrs before launch
i Verified 24 hrs & 4 hrs before launch
I Loaded onto flight computer minutes prior to launch

* Goddard Earth Observing System 5
10



ASPIRE Flight Summary

Testing a
Parachute

for Mars

NY R Jet Propulsion Laboratory
: = California Institute of Technology




ASPIRE Flight Sequence

Wallops Island, VA

ASPIRE

Apogee
L+120 s (~50km)

Mortar Fire
Mach 1

Igck<8ram Bu rn)qut[

x
S

Nose \Tone Separation

© 2017 Google
Data LDEO-Columbia, NSF, NOAA
Image Landsat | Copernicus
ata 510, NOAA, U.S. Navy, NGA, GEBC 2

Range
5071 100 km

1st stage burnout
L+6 s (1 km)

n

Mortar Fire
L+160-70 s

Alt: 39-45 km
Op: 450-850 Pa
Mach: 1.7 to 2

Peak Load

MF +1.5s

Jp: 500-1000 Pa
Mach: 1.7 to 2

Nosecone sep.
L +~26 min
Alt: 3 km

Ihdown
L +~30 min




Test Conditions

ASPIRE

A Target conditions at mortar fire:
I SRO1: MSL @ Mars
I SR02 & SR03: Incremental dynamic pressure increase

I SRO1 SRO2 SRO3

Event Mortar Fire Peak Load Mortar Fire Peak Load Mortar Fire Peak Load
Dynamic pressure target (Pa) 435 473 618 678 901 953
Mach target 1.74 1.72 1.72 1.76 1.76 1.73

e Mars missions
e ASPIRE

® Other flight tests
X Failed

Mars 2020 99%Ule
ellipse
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